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Abstract
We have used a deuterium gas jet target in the circulating
beam of the Fermilab accelerator to study the sz and s depende:.ce
and the slope parameter for pd + Xd in the region 0.025 < |t| € 0.17
2 2

(GeV/c)2 and 5 < Mx < 0.068s GeV®., A simple parametrization in

terms of the variable (1 - x) is found.

We report the results of an investication of the s and sz

dependence of the slope parameter for the inclusive reaction:

P+d+X+d (1)
in the region 0.025 < |t} < 0.17 (GeV/c)2 and 5 & sz < 0.068s
GeVz. Measurements were performed at four laboratoryAbeam
momenta: 65, 153, 273, and 372 GeV/c.

The investigation of process (1) has been done in the
internal beam of the Fermilab accelerator using a gas jet target.
Recoiling deuterons were detected by means of telescopes of semi-
conductor detectors in the angular range 4-35° with respect to
the plane perpendicular to the incident beam. The details of the
method and the results for the differential cross-section for
reaction (1) and compariscn with p + p -+ X + p interactions have
been published.l in that paper, it was shown that in the region

of high sz the Feynman scaling variable, x, is usefdl'for

parametrizing the cross-section.

2 2
My - ME -~ (1 - x) ~ |e]¥/? [sin 8 - Po * Mp | Itll/2 (2)
s ~ ~ Mo Po Z Mp

where Mp is the mass of the deuteron, Po the momentum of the

incoming proton, and s . 2 MRpo
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Since the publication of Ref. 1, we have continued the
data analysis and increased the statistical accuracy of the 65
and 372 GeV/c data by a factor of 2 and added one more beam
momentum, 27> GeV/c. Combining these enables us to extract

information about the slope parameter by fitting it with the form:

2
Higé%—— - a(x,s,to) exp [b(x.s.)(t-to) + c(tz-toz)] . (3)

The parameter c is fixed at the value of 62.3 (Gevse) ™4

found in Ref. 2. The value of to was chosen = ~.05 (GeV/c)2 to
suppress the correlation between parameters. The value of the
b-parameter is listed in Table I and displayed in Fig. 1 as a

2

function of M for the four incident momenta in the range

5 < sz < 96 GeV:. We present on the same figure the values of

._b from Ref. 2 (some points of Ref. 2, with &b > 2.0 have been
omitted for clarity). The data from Ref., 2 are systematically
lower than the new data, however, the s and sz dependences are
similar.

In Fig. 2 the same data are presentéd as a function of (1 - x).

As can be seen in the figure, thé b-parameter is independent of
energy within the errors. To check this conclusion in a quanti-

tative fashion, we fit the data in the form:
b(x,s) = bo + ulln s + azin {1 - x) {4}

The results of the fit are bo = 26.50 ¢ 0.69, - Q.19 £ ¢.10,
@ = -1.76 * 0.11 with X*/DF = 153/69. The non zero valua of @
indicates a possible small deviation from scaling. Setting

@, = 0 changes the other parameiers only slightly: b, = 27.56 %
0.40, @, = ~1.31 *0.11, ¥’/DF = 157/70. In Pig. 2 the line

represents the caiculation of (4) with a = 0.
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Using (2) we can rewrite formula (4) in the following way:

b(x,s) = b(sz,s) = b+ (a; - a,)tn s + a,2n sz (5) .

where a; - a, = 1.95 ¢+ 0.21. The calculation using formula (5}
]

is represented in Fig. (1) by the sclid lines.

Parametrization of the differential cross-sections in the

form

dzo

: 2
Ixac ~ a(x.s)eb°t +ct Salt (1

- x)%2t ) (6)

and parameter values can be qualitatively understood in the

framework of the Regge pole theory. In the region of large

sz, sz >> mz, the inclusive cross-section is expected to be
described by the triple Regge formula4
2 ) a, (0} - a,{t) - a (t) o (0)-1
d"¢ -y K i 3 k
Sl - i}j:k Gyp (8)(1-3) s (7)

where the Gi,j,k's are effective values of contributicns of the
triple Regge complings and ui(t) = aP(t) = aP(O) + Y,
qi(t) = uR(t) = GR(O) + Bt are Pomeron and Regge trajectories,
respectively. MNote that in the triple Regge description there is
no energy dependence for b-parameter. Comparison of (6) and (7)
leads to a, = 0, and a, has a meaning of the sum of the slopes
of i- and j-trajectorieg in the triple Regge diagram.

Considering (1 - x) dependence of b-parameter, there are
three groups of all possible triple Regge contributions ir pd

inelastic interactions

PPP, ®PR ) = 2v
PRP, APP, PRR, RPR -a, =¥ + B (7

RRP, RRR Tay = 28
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The standard parametrization of trajectories is nP(t) =
1.06 + 0.28¢, uR(t) = 0,5+ t, so 2y = 0.5, vy + 8 = 1.28 and
28 = 2, therefore the value of -a, can vary from 0.56 to 2. The
triple Regge analysis of inelastic pp interactions5 at s =
700 Ge\.'2 shows that in the region of {1 - x) < 0.02 there is
predominance of contributions of PPR or PPP exchanges, similarly
PRP and RRP predominate in the regions 0.02 £ (l-x)} £ 0.04 and
(l-xp} > 0.04, respectively.

In our analysis the value of b-parameter has been mainly
obtained at large 1 - x and &, = -1.76 qualitatively confirms

prevalence of RRP exchange contribution in this region.

We wish to thank Drs. V. A. Tsarev, I. I. Rojzen from P.N.
Lebedev Institute, Mosgcow, and V. A. Nikitin from the Joint

Institute for Nuclear Research, Dubna, for many useful discussions.
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The values of b-parameter are given as a function of

Table 1.

x
273 and 372 GeV/c in the range 5 & M,

M 2 for the four incident proton momenta of 65, 153,

96 Gev?e.

2 ¢



Figure I.

Figure 2.

Figure Captions

2

The b-parameters are shown as a function of Mx for

four incident proton momenta of 65, 153, 273 ané 372
GeV/c in the range 5 I sz < 96 Gev2. The fitted lines
are given by the eguation (5) in the text. Data points
from Ref. 2 are alsc shown for three incident proton
momenta of 153, 273 and 372 GeV/c.

The b-parameters for all four momenta of this experiment
are shown as a function of 1 - x. The fitted line is

calculated from eguation {4) in the text, where a, = 0.0

and a, = -1.81.
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